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TO INVARIANT NORMALES OF VECTOR FIELD
IN FOUR-DIMENSIONAL AFFINE SPACE

Abstract.

In four- dimensional affine space invariant points, straights, hypersurfices and
two-dimensional spaces associated with vector field have been built.
The recelved data are transformed into spaces of indefinite size.

P.1. Differential equations of consistent geometriobjects of vector field
in Aj.
Let's consider four-dimensional affine spacg ilated to moving reper
dA=of eq (1.1)
des = e
Equations of space structure are taken into consideratioa fatlowing
Dof =|fef | Daf =|wtat|, @ B,y ... =14 (1.2)
Definition: Vector element of Aspace is called a set which consists of point A
and vector a, for this one point A is beginningctée element will be define ad
a). In this case point A will be called as the begng of vector element.
It is obvious that @& ¢ V, and Aec A,
Definition: Vector field in A is the_setin which every point of Aspace is
coordinated in some way definite vectbmwith beginning in this point.
In all vector elements’ set vector fields definkirad of semi-polytype.
Remark, that vector field can be done as in whpées A but also in a separate
its region.
In future we’ll late into account that beginning \eéctor coincides in A point

thenoA = 0 forms «/ are the main (central).



We'll express vector through vectors of basi&' in the form

i=a"¢, (1.3)
Coordinates of vectat will satisfy differential equations

da’ +a’af = aja’ (1.4)
Continuing equations (1.4) receive

daj = ajw) - ajaf +agw’ (1.5)
while ag =a
Equation (1.5)can be presented in form:

da; - a.o) ~a,wf +afd +a'e, = a0

da; — & —a,u) +a;a) +a,u, = o’ (1.6)

daj -aja) -ajef +alef +a'w; = 8,0

dal -a‘e) ~ae =al,e?, ],k =13)

In fixation of main parameters differential equagso(1.4) and (1.5) take

correspondently form
&’ +a’m; =0 (1.4)
da; =ajm;—aym =0 (1.5)'

From the previous data it is clear, that fundamestt@ct of the first ordefa”}
is tensor and fundamental object of the secondrc{edeag}consists of two tensors
a” andaj.

Continuing differential equations (1.5) we’ll reeeia set of fundamental objects
{a",a;’,aé’,a%a ,} which lies in basis of differential geometry afotor field

in four-dimensional equiaffine spaceg.A
P.2. Some fields of invariant geometric objects arenited with vector field.
Let’'s find differential equations of some invariaggometric objects joined to

vector field.



2.1. Field of points.Let’s consider poine(x?)in affine space A When? —
radius — vector of this point in this case relateaffine reper(/],éa) it can be done
with the following phrase

P=A+x, (2.1)

Differentiating (2.1) taking into account equatinstructure, we’ll receive

de? +x’af; = xfa’ (2.2)
or in fixation of main parameters

& +xn5 =0 (2.3)
Let’s consider valuesi® = aja’ (2.4)

If differential equations consider values (2.4) éadlve formdN® + N“a/ = Njo/

according to (2.2) they define invariant point.
2.2. Field of straights Straight, which cross the A point with directed
vector R=v%, define ad =[AR]

Conditions of invariantness of straight will be

R=QR, dQ=0 (2.5)
From the previous datav® +v/m; =Qv?, (2.6)
o' +v'm +v"m, =QV!
or | (2.7)
ov'+v'im +v'm =Qv"
Writing down correspondence (2.6) we'll have
dvt +vid +viw +v3a +viaw;, = Qut
dv? +viaf +via? +viak +viaw; =Qu?
(ulz 2 3 4 Q (27).

dvd +via +viaw; +vias +via); = Qu®
dv* +vid +viws +v3a] +viw; =Qut
Sometimes it is convenient to promote norm of medt in whichv" =1.
Then
Q= +V'd' (2.8)
Putting (2.8) in the first equation (2.6) we’ll kv
V' +vin —vim -vivim + 7, =0 (2.9)



Thus, differential equations of invariantness odight will have a form
dv' +vid —v'a) -vvi'ef + o), = v, of (2.10)
Let's build valuess? (in conditionof def // az Il # 0) atpf =57  (2.11)
And with their help values
M7 =b7af
dM"’:b[ii/I/”a);’+M;’a)V (2.12)
If differential equations of (2.12) have the eqoas’ structure (2.6), the pair
[4,M], wherevt =M e, defines invariant straight.
2.3 Field of hypersurfices Equation invariantness of hypersurfigg:” +v =0

related to moving reperd(é ) has the following form

v, +v,ms =Qu, (2.13)
ov =Qv

Q - alinear form, which meamg)=0. Two cases are possible

2.3.1. Hypersurfice doesn’t cross point A

It's possible to put in this case=1, thenQ =0

Conditions of invariantness of hypersurfices wake the form
ov,-v, =0 (2.14)

a

2.3.2. Hypersurfice crosses point A
In this case = 0. Conditions of its invariantness have the form

ov,-v, m’=Qu, (2.15)
Puttingy, =1 conditions (2.15) will have the form

v, —v,m ~v, m vy, m - =0 (2.16)
We’'ll build values

g% = N“M”*
In condition ofdef // g // # 0introduce valueg®g,, = J; and with their help

ga = gaﬂgﬁ
@a - gﬁnﬁ = O



If differential equations of valug, have structure of differential (2.14) then
these values define hyperspace which doesn’'t pais$ A in the formg,x* +1=0

Also have been built series of different valuesjclwldefine invariant points,
straights, Hypersurfice and two-dimensional suidaassociated with vector field
In spaceA,.

The received data are transformed into spacegiefimte size.



